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（4-(2-aminoethyl) benzenesulfonyl fluoride，AEBSF）为基础，通过点击反应（click 





























签用于多种目标蛋白酶的高灵敏度同时定量检测。我们以 trypsin 和 chymotrypsin
为模型蛋白酶，对 LnPeNP 标签进行系统评估，结果表明 LnPeNP 在多种蛋白酶
的同时定量检测上具有方便、灵敏和准确等优点。进一步根据在细胞凋亡过程中
起核心作用的 6 种 caspase 酶对应的 6 种不同底物，初步构建了 6 种 LnPeNP 探





















As an important part of proteomics, quantitative proteomics is critical for us to 
understand out how the life systems work. Molecular mass spectrometry (MS) has 
been widely used in relative protein quantification (RPQ). Along with the 
development of life science, however, it urgently calls for absolute protein 
quantification (APQ) technique rather than RPQ technique. Various advantages of 
inductively coupled plasma MS (ICP-MS), such as high sensitivity, broad dynamic 
range, identical signal response of the same element in different chemical 
forms/species, make it a potential and powerful technique in APQ. Until now, there 
have been some studies for APQ using ICP-MS through endogenous elemental (S, P, 
Se and metals in metalloproteins) and artifical labeled elements (Hg, I and 
Lanthanides). Among them lanthanides are considered to be the most potential 
elements due to its extreme high sensitivity on ICP-MS and various kinds of elements 
and isotopes. On the other hand, it should be noted that the prerequisite for ICP-MS 
based APQ is the purity of the element-labeled protein, but the current separation 
techniques are hardly to quantitatively separate all the proteins in a complex proteome 
sample. The development of Ln-labeled specific probes is therefore the center issue in 
this thesis, releasing the pressure of quantitative separation of all proteins in a 
proteome on the current available separation techniques, and making it possible to 
apply ICP-MS based APQ to real biological sample. The research details are 
presented in this PhD thesis, which comprises six parts: 
In Chapter 1, background knowledge of protein and proteomics are briefly 
introduced, and the protein quantification techniques and strategies based on 
molecular MS and elemental MS are critically reviewed and comparied.  
In Chapter 2, lanthanide-labeling strategy towards systeine sulfhydryl in proteins 















taken as model proteins are completely labeled with MMA-DOTA-Ln under the 
optimized labeling conditions, and these three model proteins are subsquently 
absolute quantified using HPLC/SUID-ICP-MS. The results obtained indicated the 
feasibility of using ICP-MS to quantify the Ln-labeled intact proteins. 
In Chapter 3, base on a serine proteases (SPs) inhibitor 4-(2-aminoethyl) 
benzenesulfonyl fluoride (AEBSF), we designed and synthesized a europium-labeled 
activity-based probe (Eu-ABP) via click chemistry. Chymotrypsin and elastase in a 
peptide/protein mixture sample are specificly and completely labeled with Eu-ABP, 
achieving the absolute quantification of them using HPLC/SUID-ICP-MS. Eu-ABP 
was further applied for quantification of active SPs in human plasma and male 
Sprague Dawley rat tissues. The results obtained demonstrated that this technique is 
not only able to quantify the active SPs in biological samples, but also to evaluate the 
level of coexisting SPs inhibitors. 
In Chapter 4, a photocleavable group was further introduced between the Ln-ABP, 
and SiO2NPs to chemically construct a multifunctional active protein assay platform 
(MAPAP). It gets together the functions to label, to enrich and to quantify SPs. The 
preliminary results obtained indicated that MAPAP was stable under physiological 
conditions, and photolyzed rapidly under the irradiation of UV. Further application to 
SPs quantification is ongoing in our lab. 
In Chapter 5, base on the principle that a protease enzymatically hydrolyzes its 
substrate specificly, we chemically constructed a lanthanide-coded peptide-specific 
nanoparticle (LnPeNP) probe for label-free proteases assay. Due to the excellent mass 
resolution of ICP-MS, it suffers from little spectra overlapping. We can therefore 
synthesize different kinds of LnPeNP probes for the corresponding proteases for 
label-free multiplex proteases assay. Trypsin and chymotrypsin were taken as model 
proteases to investigate the feasibility of this strategy, and the results demonstrated 













Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
